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Edge-spread functions expected for several changes in a commercial flat-panel system

A. E. Schach von Wittenau
Lowrence Livermore National Laboratory, Livermore, CA 94550
(February 25, 2002)

SUMMARY

The Bldg. 239 radiography facility uses a 9 MeV bremsstrahlung linac and a commercially available flat-panel
detector system. Ref. [1) discusses the facility in detail. Ref. [1] furthermore discusses the imaging quality of the
flat-panel system, and identifies several sources of image blur for the system in question. The major contributors to
the imaging blur are radiation scattered from the front cover of the detector housing, radiation scattered from the
back cover of the detector housing, and radiation scattered from the aluminum plate that supports the amorphous-Si
detector within the detector housing.

The manufacturer of one such flat-panel system seems willing to modify one of their products as requested, if such
modifications may be made easily. Easy modifications would include making the detector housing thinner, decreasing
the sizes of air gaps inside the detector system, etc. Removing the aluminum support plate is considered to be a
difficult modification.

This memo reports the results of a set of Monte Carlo simulations that were performed to predict the changes in
imaging quality, compared to that of the current system, if the detector is modified as suggested above. In particular,
the edge-spread function (EST) was calculated for cach modification. ESFs were calculated for three photon energies:
100 keV, 450 keV, and 3 MeV.

The results suggest that thinning and moving the front and back covers of the detector housing should result in
improved image quality for all of the photon energies considered, Interestingly, the results also suggest that removing
the aluminum support plate would improve the imaging performance at 100 keV and 450 keV, but that removing the
plate has no additional benefit for imaging with 3 MeV photons.

1. METHODS AND MATERIALS 5. both: the front cover is moved in, and the two
aluminum plates have their thicknesses halved;

The Monte Carlo simulations were performed using
MOCNP4C. Dimensions and materials specifications were
obtained from the manufacturers of flat panecl systems.
An MCNP input deck for the current imaging system
had already been generated for use in Ref. [1]. Changes
to the original deck to refiect the changes discussed here
required very little effort.

Six detector configurations were modeled, using the
methods described in Ref. [1], and the resulting ESFs
are shown in Figs. 1-3. The configurations, along with
the mnemonics, are:

6. support: the front cover is moved in, the back
plate is thinned, and the aluminum support plate
is removed.

Table 2 of Ref. {1] gives a detailed description of the
detector system. An abbreviated description of the struc-
tural parameters is given in Table L.

Edge-spread functions were calculated for three pho-
ton energies: 100 keV, 450 keV, and 3 MeV. Results are
shown in Figs. 1-3.

1. none: the original configuration;

II. RESULTS

2. movefront: the front cover has been moved 4 min

closer to the Lanex screen, thus decreasing the air

gap between the front cover and the rest of the sys-
tem;

Fig. 1, for 100 keV photons, shows that all of the
changes considered should improve the edge-spread func-
tion of the detector. In order of increasing improvement
3. thinfront: the front cover is thinned to 0.75 mm, in image quality, the configurations are: none, then move-

but the air gap has the same thickness; front, then thinfront, then thinback, then both, then sup-

port. This ordering suggests that the front cover is a

4. thinback: both the aluminum support plate and  small contributor to image blur, at this photon energy.

the back aluminum plate have half their original  Removing the aluminum support plate should have a sig-
thickness; the air gap remains unchanged,; nificant effect on the sharpness of the ESF.




Fig. 2, for 450 keV photons, also shows that all of the
changes considered should improve the edge-spread fune-
tion of the detector. In order of inereasing improvement
in image quality, the configurations are: none, then move-
front, then thinfront, then thinback, then both, then sup-
port. This ordering suggests that the front cover is a
small contributor to image blur, at this photon energy.
The back plates have a significant influence on the im-
age quality, more o than for the 100 keV case. Here,
too, removing the aluminum support plate should have
a significant effect on the sharpness of the ESF.

The 3 MeV case shows a different pattern. In order of
increasing improvement in image quality, the configura-
tions are: none, then thinfront or thinback, then move-
front, then support, then both. In this case, adjusting
the front cover has a stronger effect than does adjusting
the back aluminum plates. This is likely due to the front
cover’s now heing a significant source of scattered radi-
ation. This scattered radiation would be in a forward-
directed cone. Moving the front cover closer to the de-
tector element would decrease the projected area of this
cone, thus yielding a narrower ESF. Modifying the down-

stream portions of the detector system appears to be less
useful.
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TABLE I. Materials, densities, and layer thicknesses used for the MCNP simulations of the notional imaging system.

Component.

density

Component thickness (mm)

Carbon fiber front cover
air gap

Lanex / glass / plastic
Al support plate

air gap

Al back cover

1.6

0.0012

2.7

0.0012

2.68

both support,
1.5 1.5
2.5 2.5
2.415 0.0

20.3 22,715

1.27 1.27
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FIG. 1. Edge spread functions for the various cases, assuming a 100 keV monoenergetic beam.
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FIG. 2. Edge spread functions for the various cases, assuming a 450 keV monoenergetic beam.
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FIG. 3. Edge spread functions for the various cases, assuming a 3 MeV monoenergetic beam.




